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INTRODUCTION
The Grey Heron is mainly a winter visitor in
the Macaronesian archipelagos (Snow & Perrins
1998), although recent breeding records have
been mentioned in the Cape Verde Islands
(Palacios & Barone 2001). In the Canaries, only
some unsuccessful nesting attempts have been
recorded (Martín & Lorenzo 2001). In these
islands (e.g. Tenerife) some individuals are present
throughout the year, not only using inland reser-
voirs as feeding sites, but also fields, water sources
in ravines and xeric flat lands. Its winter popula-
tion ranges between 29–62 individuals (Martín &
Lorenzo 2001).
Grey Heron diet, during the breeding season,
has been well documented in Europe by using
several methods (Owen 1955, Hewson & Hancox
1979, Giles 1981, Moser 1986, Draulans et al. 
1987, Marquiss & Leitch 1990, Peris et al. 1995,
Lekuona & Campos 1998, Jakubas & Miodu-
szewska 2005). However, information on its sea-
sonal feeding habits throughout the year remains
scarce, probably because in the northern part of 
its geographical range the species shows a migra-
tory behaviour. Furthermore, very little is known
about the feeding ecology of this heron in insular
environments, particularly in oceanic islands
(Voisin 1991, Sawara et al. 1994, Nanpo & Matsuda
2006).
In general, the Grey Heron shows piscivorous
feeding behaviour in continental ecosystems.
Nevertheless, preliminary observations carried
out in the Canaries have shown that most of the
pellets have a high content in Odonata larvae and,
less frequently, aquatic beetles (Martín & Lorenzo
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2001). Furthermore, this heron preys upon lizards
in the Canarian archipelago. In this regard, the
consumption of fleshy fruits and subsequent 
seed dispersal process by lizards is a relatively
common finding in tropical and subtropical
oceanic island ecosystems (see Olesen & Valido
2003 and references therein). This framework 
suggests that herons could be functioning as sec-
ondary seed dispersers of some native plants in
the Canary Islands, as occurs with other bird
species (Nogales et al. 1998, 2002). However, the
ecological significance of this interaction depends
greatly on the secondary disperser. Data con-
tained in the two scientific contributions previous-
ly cited demonstrate how the Southern Grey
Shrike Lanius meridionalis is a regular disperser for
Lycium intricatum (Solanaceae) and how the
Kestrel Falco tinnunculus is an opportunistic dis-
perser of their seeds. One of the main factors that
explain these results is the fact that gut enzymatic
action is clearly stronger in the diurnal raptor.
Furthermore, it is also interesting to note that this
ecological interaction depends on the seed coat
thickness of the plant species which is participat-
ing in the interaction. With regard to the Grey
Heron and its digestive seed treatment, it is
important to note that its gut enzymatic action is
rather strong (Hibbert-Ware 1940, Vinokurov
1960), causing degradation in most of the prey
items appearing in the pellets. Thus, it would be
very interesting to perform experiments on the
viability and ability to germination of the seeds
found in heron pellets as a result of its predation
on frugivorous lizards.
In the present study, pellets were used to
determine the annual Grey Heron diet in one of
the most important roosting sites in Tenerife
Island (Martín & Lorenzo 2001). This method was
selected (see Marquiss & Leitch 1990) because it is
able to supply a representative sample size. Three
main aims of this study are: 1) to describe, in
detail, the seasonal variation of the Grey Heron
diet in an oceanic island environment; 2) to com-
pare these insular trophic patterns with those of
different continental populations; and 3) to assess
the ecological interaction with wild seed plants
from the Canary Islands.
STUDY AREA AND METHODS
The material was collected in the Valle Molina
water reservoir (Tegueste), located in the north-
east of Tenerife Island (Canarian Archipelago,
27°37’–29°25’N and 13°20’–29°25’W). This locality
is situated at 340 m a.s.l. and is surrounded by 
different types of crops (mainly vines), grassland
zones and villages. The climate is subtropical and
oceanic, this area receiving around 400–500 mm of
mean annual rainfall and having a mean annual
temperature ranging between 16–19 °C (Marzol
2000).
This reservoir has a maximum area of 7.5 
ha and has a perimeter of 1034 m. Its bottom is
covered by a plastic layer and its banks have not
been colonized by plants. Grey Herons use this
place as a roosting site and foraging area. Other
heron species such as the Little Egret Egretta
garzetta and the Cattle Egret Bubulcus ibis are 
regularly present at this place, in addition to 
many migratory species (ducks, waders, gulls,
etc.) (see Martín & Lorenzo 2001). While the 
pellets were collected (see details in the following
section), two-monthly censuses were carried out
to assess a minimum size of the study population.
A mean of 14.2 ± 7.3 (max and min values = 33
and 1 individuals, respectively) Grey Herons 
were counted. A mean sighting of 14.2 individ-
uals throughout the year would represent a range
of 22.9%–48.9% with respect to the total popula-
tion estimated in Tenerife by Martín & Lorenzo
(2001).
Collection, quantification and methodological
considerations on pellets
At the beginning of each month throughout
2004, all the margins of the reservoir were cleared,
removing or destroying all pellets found, to
ensure that only fresh pellets were collected. A
minimum of twenty pellets were collected, when
possible, at the middle and at the end of each
month (two visits per month), but they were sea-
sonally grouped. A total of 60 pellets were gath-
ered in spring and summer, but only 48 and 31 in
winter and autumn, respectively. Each pellet was
wrapped in aluminium foil, stored in a plastic bag
and dried at room temperature prior to analysis.
All pellets were broken up by hand under dry
conditions, after which different items were sepa-
rated. Invertebrate remains were identified using
a stereo-microscope (8× magnification) (Baéz
1985, Ralph et al. 1985). Some doubtful prey
remains were identified by referring to the collec-
tion of the Zoology Department (University of La
Laguna). The minimum number of individuals
present in each pellet was estimated according to
the most commonly found body parts, which rep-
resented one individual (heads, mandibles, legs,
sclerotized parts, caudal appendages, etc.).
Invertebrates less than 1 cm long were not consid-
ered in this study because these items occurred in
association with reptilian remains (G1 = 96.61, p <
0.001). In the case of Oligocheates, due to their 
soft body, only frequency of occurrence was
recorded. In the case of mammal remains, teeth,
lower jaws and bones contributed to the identifi-
cation of some prey items. Since the majority of
Grey Heron pellets do not contain these parts
(Hibbert-Ware 1940, Draulans et al. 1987, Marquiss
& Leitch 1990), mammalian fur samples were
identified by comparison with a previously pre-
pared reference collection, and also by using the
identification keys developed by Day (1966). From
each pellet, ten hairs were sampled for microscop-
ic analysis, following the same protocol used 
by Jakubas & Mioduszewska (2005). We assumed
that a minimum of one mammalian specimen 
was eaten by a heron when the species occurred
in a pellet, following the Amat & Herrera (1978)
criteria for other species. In some instances, fish
and reptilian remains were mainly identified on
the basis of their respective scale traits.
Data on diet are presented in four ways: num-
ber of prey items (NP), prey item percentage (%P,
the number of items of a particular prey taxon
recorded in the diet as a percentage of the total
number of prey items identified), percentage fre-
quency of occurrence (%FO, the percentage of
pellets containing a particular prey taxon), and
percentage contribution to dietary biomass (%B).
Wet biomass was calculated using an average
weight for reptiles (personal data) and mean
weights for mammals and birds were obtained
from the literature (Castells & Mayo 1993, Cramp
1998). In the case of the main arthropods and fish,
we collected several individuals (five at least) of
each identified taxon and took their fresh weight
using an electronic balance (precision: 0.01 g).
Several techniques (direct observations, analy-
sis of stomach contents, food regurgitated by
nestlings at nest, or undigested remains from
regurgitated pellets) have been used to determine
Grey Heron diet, but all of them present some
degree of bias (see Marquiss & Leitch 1990). The
absence of breeding colonies in the Canaries
(Martín & Lorenzo 2001) limited us to using prey
remnants or chick regurgitation in heronries.
Only a small sample of stomach contents from
dead birds could be obtained because their
corpses are difficult to find. Furthermore, direct
observations of herons at their feeding sites was
greatly hindered by their erratic feeding habits
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(van Vessem et al. 1984, pers. obs.), and the
notable diversity of feeding sites identified in a
small area in Tenerife. All the above, together with
the presence of an accessible communal roosting
site, where herons are present throughout the
year, forced us to use pellet analysis. However,
this method presents a degree of bias based on the
differential digestion rate of each prey item
(Milstein et al. 1970, Draulans et al. 1987, Marquiss
& Leitch 1990). In this sense, fish and amphibians
are almost absent in pellets, and mammal quan-
tification is also difficult because of the almost
complete lack of key bones (Milstein et al. 1970,
Draulans et al. 1987, Marquiss & Leitch 1990).
Ingested seeds, germination and status
All seeds found inside pellets were preserved
in a dry, dark place until they were identified
using the reference collection of the IPNA-CSIC,
at La Laguna. Most of them (n = 744) were plant-
ed separately in a 4 cm2 pot, using a standard sub-
strate (50% culture soil, 25% turf and 25% volcanic
sand). To control environmental conditions, a ger-
mination experiment was performed in a green-
house located at Tagoro (Tenerife: 300 m a.s.l.), a
locality near (4 km) to the study area where pellets
were collected. Therefore, night-day light period
conditions were the same as those naturally found
at the study site. Each seed was buried about 5
mm deep and watered every two days over four
months (December 2005 – March 2006). Data were
recorded every five days.
Due to the relatively small number of seeds
found in the heron pellets, we decided to plant
the majority of the samples. To assess the apparent
status of embryos, a sub-sample of seeds (n = 129)
of the main represented plants (n = 7 species) that
did not germinate during these four months were
extracted from the soil and then observed by
using a stereo-microscope (8–50× magnification).
Statistical and index analysis
To study seasonal variation of the main items
found in the diet, likelihood ratio tests were
applied directly to the number of prey items
which appeared in the pellets. These analyses
compared a certain prey item with the total num-
ber of the remaining prey items identified. In
those cases where it was necessary to use the same
data set, this statistical effect was reduced by
applying a more conservative sequential Bon-
ferroni technique, for assessing statistical signifi-
cance (Rice 1989). Due to the scarce presence of
some prey items (Aranea, Tricoptera, Mantodea,
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Lepidoptera, Pisces, etc.), it was not feasible to
carry out any statistical inference. Diet similarity
or overlap among the different seasons was 
evaluated using the Morisita index of similarity
for percentage of prey, whose values near “0”
indicate low similarity and values near “1”, a high
similarity. Moreover, niche-breadth was assessed
using the standardized Levin’s niche-breadth
index, where values close to “0” indicate dietary
specialization and values close to “1”, a broad diet
(Krebs 1989). To calculate the index values, we
used the taxonomical level of order for inverte-
brates and species for vertebrates. Since it was
impossible to assign numbers for Oligochaetes,
this prey item was not included in the index
analyses.
To test whether or not seeds of fleshy fruits in
pellets occurred in association with lizard
remains, their presence in each pellet was record-
ed individually and a likelihood ratio test was
used to assess such an association. All analyses
were performed by using SPSS (version 12.0).
RESULTS
General diet composition
A total of 7 460 prey items were identified in
the 199 pellets analysed, 96.2% corresponding to
arthropods and the remainder consisting mainly
of vertebrates (Table 1). A high variety of insect
families was recorded. Aeshnidae larvae (Odo-
nata), representing 66.1% of the total prey items,
was the main invertebrate group. This family was
followed in number by Libellulidae larvae
(Odonata, 23.8%), Acrididae (Orthoptera, 1.3%)
and Carabidae (Coleoptera, 1.1%). With regard to
the vertebrates (3.8% of the total prey items), the
principal groups corresponded to reptiles and
mammals (1.8%, respectively). 
In terms of FO, invertebrates clearly predomi-
nated in the diet (94.0%); specifically, Aeshnidae
was the most important family (59.8%). The next
most frequent groups were Acrididae (18.6%),
Libellulidae larvae (15.6%), Gryllidae (9.1%), and
Carcinophoridae (Dermaptera) and Hymenoptera
(7%, respectively). Furthermore, Oligochaetes
occurred at 1.1% of pellets and vertebrates at
68.8% of FO. In this case, mammals (53.8%) and
reptiles (48.4%) were the most relevant groups
(Table 1).
As for biomass, despite the low size of inverte-
brates in comparison with vertebrates, the most
important group was Odonata (61.4%), Aeshnidae
Fig. 1. Percentage of wet biomass for each group of prey items
consumed by the Grey Heron on Tenerife (Canary Islands) in 
different seasons.
(57.3%) being the main family represented (Fig. 1).
Introduced mammals (mice, rats, shrews and rab-
bits) constituted the second group in importance
(27.4%) followed by reptiles (8.9%). Fishes,
amphibians and birds were negligible prey items
for the total biomass.
Seasonal variation in diet
All the main prey items varied significantly
among seasons. Odonata was the most impor-
tant group in all seasons although its consump-
tion varied significantly, being highest during 
the summer (G3 = 54.19, p < 0.001). The two 
main groups of this order were Aeshnidae and
Libellulidae larvae. The former larvae showed 
statistical significance among seasons (G3 = 10.45,
p = 0.015), but their consumption was lower in
summer. Seasonal variation was also observed 
in the case of Libellulidae (G3 = 844.24, p < 0.001),
but they were more frequently captured during
summer. The maximum peak of grasshoppers 
was observed in autumn (G3 = 255.53, p < 0.001).
Acrididae were most frequently eaten in winter
and spring, while the diet in autumn was 
characterised by the presence of Tettigonidae and
Gryllidae. The consumption of Dermaptera
(Carcinophoridae) reached maximum values in
spring and winter (G3 = 102.20, p < 0.001). With
regard to vertebrates, reptiles appeared more
often in spring (G3 = 156.43, p < 0.001), mammals
in winter (G3 = 129.54, p < 0.001) and fish in
autumn. 70.1% of total mammals corresponded to
House Mice Mus domesticus which characterised
the diet in autumn (G3 = 87.51, p < 0.001). Other
groups, such as fish, shrews, rabbits, and the
P
er
ce
nt
ag
e 
of
 b
io
m
as
s
Seasons
Odonata
Spring Summer Autumn Winter Total
0 %
20 %
40 %
60 %
80 %
100 %
Reptilia Mammalia other vertebratesother intvertebrates
Grey Heron insular diet and seed interaction 5
Ta
bl
e 
1.
 S
ea
so
na
l c
ha
ng
es
 in
 d
ie
t 
co
m
po
si
tio
n 
in
 t
he
 G
re
y 
H
er
on
 A
rd
ea
 c
in
er
ea
(J
an
ua
ry
 2
00
4–
D
ec
em
be
r 
20
04
) 
on
 T
en
er
ife
 (
C
an
ar
y 
Is
la
nd
s)
. N
um
be
rs
 in
 b
ra
ck
et
s 
co
rr
es
po
nd
 t
o 
pe
lle
ts
an
al
ys
ed
. N
P 
—
 n
um
be
r 
of
 p
re
y 
ite
m
s,
 %
P 
—
 p
er
ce
nt
ag
e 
of
 p
re
y,
 %
 F
O
 —
 fr
eq
ue
nc
y 
of
 o
cc
ur
re
nc
e 
in
 p
el
le
ts
.
Sp
rin
g 
(N
 =
 6
0)
S
um
m
er
 (N
 =
 6
0)
A
ut
um
n 
(N
 =
 3
1)
W
in
te
r (
N
 =
 4
8)
To
ta
l (
N
 =
 1
99
)
P
re
y 
ite
m
s
N
P
%
P
%
FO
N
P
%
P
%
FO
N
P
%
P
%
FO
N
P
%
P
%
FO
N
P
%
P
%
FO
In
ve
rte
br
at
es
99
0
89
.4
98
.3
46
54
99
.2
10
0
55
6
90
.4
87
.1
97
5
93
.3
85
.4
71
75
96
.2
94
.0
O
lig
oc
ha
et
a
-
-
31
.7
-
-
-
-
-
-
-
-
6.
3
-
-
11
.1
A
ra
ne
ae
3
0.
3
3.
3
0
0
0
3
0.
5
6.
5
4
0.
4
6.
3
10
0.
1
3.
5
D
ip
lo
po
da
7
0.
6
1.
7
0
0
0
0
0
0
0
0
0
7
0.
1
0.
5
O
do
na
ta
76
7
69
.3
58
.3
45
83
97
.7
93
.3
47
9
77
.9
51
.6
89
5
85
.6
62
.5
67
24
90
.1
68
.8
O
rth
op
te
ra
63
5.
7
28
.3
16
0.
3
13
.3
64
10
.4
51
.6
39
3.
7
33
.3
18
2
2.
4
28
.6
D
er
m
ap
te
ra
24
2.
2
21
.7
0
0
0
0
0
0
17
1.
6
2.
1
41
0.
5
7.
0
Tr
ic
op
te
ra
2
0.
2
1.
7
2
0
3.
3
6
1.
0
3.
2
0
0
0
10
0.
1
2.
0
M
an
to
de
a
0
0
0
0
0
0
1
0.
2
3.
2
1
0.
1
2.
1
2
0
1.
0
H
em
ip
te
ra
7
0.
6
8.
3
32
0.
7
3.
3
0
0
0
6
0.
6
4.
2
45
0.
6
4.
5
C
ol
eo
pt
er
a
10
6
9.
6
31
.7
6
0.
1
8.
3
2
0.
3
6.
5
11
1.
1
12
.5
12
5
1.
7
16
.1
Le
pi
do
pt
er
a
7
0.
6
8.
3
1
0
1.
7
0
0
0
0
0
0
8
0.
1
3.
0
H
ym
en
op
te
ra
5
0.
5
8.
3
10
0.
2
11
.7
1
0.
2
3.
2
2
0.
2
2.
1
18
0.
2
7.
0
H
ex
ap
od
a 
in
de
t.
0
0
0
2
0
3.
3
0
0
0
0
0
0
2
0
1.
0
Ve
rte
br
at
a
11
7
10
.6
76
.7
39
0.
8
41
.7
59
9.
6
80
.7
70
6.
7
72
.9
28
5
3.
8
68
.8
P
is
ce
s
6
0.
6
5.
0
1
0
1.
7
7
1.
1
3.
2
0
0
0
14
0.
2
2.
5
G
am
bu
si
a 
af
fin
is
5
0.
5
3.
3
1
0
1.
7
7
1.
1
3.
2
0
0
0
13
0.
2
2.
0
G
en
. s
p.
 in
de
t.
1
0.
1
1.
7
0
0
0
0
0
0
0
0
0
1
0
0.
5
A
m
ph
ib
ia
1
0.
1
1.
7
0
0
0
0
0
0
0
0
0
1
0
0.
5
R
an
a 
pe
re
zi
1
0.
1
1.
7
0
0
0
0
0
0
0
0
0
1
0
0.
5
R
ep
til
ia
66
6.
0
70
.0
18
0.
4
25
.0
26
4.
2
58
.1
25
2.
4
43
.8
13
5
1.
8
48
.4
G
al
lo
tia
 g
al
lo
ti
32
2.
9
51
.7
12
0.
3
20
12
2.
0
38
.7
11
1.
1
22
.9
67
0.
9
33
.2
C
ha
lc
id
es
 v
iri
da
nu
s
34
3.
1
56
.7
6
0.
1
10
14
2.
3
45
.2
14
1.
3
29
.2
68
0.
9
34
.2
Av
es
0
0
0
0
0
0
1
0.
2
3.
2
0
0
0
1
0
0.
5
C
al
id
ris
sp
.
0
0
0
0
0
0
1
0.
2
3.
2
0
0
0
1
0
0.
5
M
am
m
al
ia
44
4.
0
56
.7
20
0.
4
26
.7
25
4.
1
67
.7
45
4.
3
75
.0
13
4
1.
8
53
.8
M
us
 d
om
es
tic
us
29
2.
6
48
.3
15
0.
3
25
.0
20
3.
3
64
.5
30
2.
9
62
.5
94
1.
3
47
.2
R
at
tu
s
sp
.
12
1.
1
20
.0
3
0.
1
5.
0
2
0.
3
6.
5
9
0.
9
18
.8
26
0.
3
13
.1
S
un
cu
s 
et
ru
sc
us
3
0.
3
5.
0
1
0
1.
7
3
0.
5
9.
7
5
0.
5
10
.4
12
0.
2
6.
0
O
ry
ct
ol
ag
us
 c
un
in
cu
lu
s
0
0
0
1
0
1.
7
0
0
0
1
0.
1
2.
1
2
0
1.
0
To
ta
l o
f p
re
y
11
07
46
93
61
5
10
45
74
60
6 A. Rodríguez et al.
invertebrates (Lepidoptera or Hymenoptera)
appeared in small numbers (Table 1). Oligochaetes
occurred in two seasons, spring (31.7% of FO) and
winter (6.3%).
In terms of biomass, Odonata were the most
important dietary component in summer (85.1%),
when mammals and reptiles decreased in num-
bers. In spring and winter, the most relevant
group was mammals (38.3% and 47.9%, respec-
tively). Reptiles attained their maximum value in
spring (18.7%) (Fig. 1).
Levin’s niche breadth (B) was broader in
spring (0.063) and narrower in summer (0.003). In
the other two seasons this index had medium val-
ues (autumn = 0.047 and winter = 0.025). The
Morisita index indicates a high trophic overlap
throughout practically all seasons, spring and
summer showing the clearest differences in values
with respect to the other two seasons (Table 2).
Indirect seed interaction
A total of 901 seeds were counted in all
analysed pellets. Seeds from at least 12 taxa were
identified at species level, representing 90.5%.
After extraction from pellets, external visual dam-
age of seeds ingested by the Grey Heron was low
(1.1%) (Table 3). No seeds germinated after the
four month experiment. Data on embryo viability
indicate that only 4.7% seeds could still be alive
after the germination experiment, indicating that
the Grey Heron digestive gut effect caused signif-
icant damage to seed fate (Table 4). Seeds present
in pellets were significantly associated with the
presence of lizard remains (G1 = 75.96, p < 0.001),
which indicates that these seeds were previously
consumed by these reptiles and indirectly by the
herons.
DISCUSSION
Composition diet and seasonal variation
This study provides the first detailed descrip-
tion of the seasonal variation through a year of the
Grey Heron diet on an oceanic island. However,
the majority of contributions in continental
ecosystems were made during the breeding peri-
od (Owen 1955, 1960, Hewson & Hancox 1979,
Giles 1981, Moser 1986, Marquiss & Leitch 1990,
Peris et al. 1994, 1995, Lekuona & Campos 1998,
Lekuona 1999, 2001, Jakubas & Mioduszewska
2005). 
Differences in diet composition between 
continental and insular areas were found (Table
5). It has been suggested that the diet varies 
considerably according to different habitats and
seasons, and the studied species exhibits oppor-
tunistic feeding behaviour (Voisin 1991, Fasola 
et al. 1993, Cramp 1998). In the Canaries, Grey
Herons often feed at agricultural ponds, but 
the physical characteristics of the majority of 
these reservoirs, which are usually deep with
steep high banks, hinder fish capture (Draulans
1987, Voisin 1991). On marine shores, other
species of fishes are available, but unlike more
northern latitudes (Lekuona 1999, Carss & Elston
2003), the Grey Heron practically does not use 
this habitat as a foraging site in Tenerife (pers.
obs.). Therefore, the low number of fish recorded
in the present study may be due to limited access.
On the other hand, it was found that the bulk 
of the diet in Tenerife was composed of Odonata
larvae, which are present at both of these sites 
and in addition to all manner of natural bodies 
of water (Malmqvist et al. 1995), and may be 
more accessible than fish to herons because they
remain relatively still near the surface on the 
pond walls until ready to leave the water. This
prey item has been poorly represented in several
studies carried out in Europe (Hibbert-Ware 1940,
Draulans et al. 1987, Campos 1990, Jakubas &
Mioduszewska 2005). Reptiles are rarely con-
sumed in continental areas (Hibbert-Ware 1940,
Moser 1986, Campos 1990, Peris et al. 1994, 1995,
Cramp 1998, Jakubas & Mioduszewska 2005) 
but in Tenerife they constitute almost 50% of 
FO. This phenomenon may be related to the 
high density of lizards in insular environments
(Olesen & Valido 2003, and references therein). 
In other predatory vertebrates studied in the
Canaries, the same pattern was recorded (Carrillo
et al. 1994, Nogales & Medina 1996, Padilla et al.
2005). Furthermore, contrary to other studies 
carried out in continental environments (Cuesta
et al. 1980, Campos 1990, Peris et al. 1995, Jakubas
& Mioduszewska 2005), invertebrates constituted
more than 50% of ingested biomass. However, 
this result is probably a consequence of the 
Table 2. Morisita's niche overlap index for Grey Heron Ardea
cinerea diet between seasons in Tenerife (Canary Islands);
results are based on percentage of prey for each food item.
Seasons Summer Autumn Winter
Spring 0.934 0.983 0.972
Summer - 0.967 0.990
Autumn - - 0.992
Winter - - -
Grey Heron insular diet and seed interaction 7
Sp
rin
g 
(N
 =
 6
0)
S
um
m
er
 (N
 =
 6
0)
A
ut
um
n 
(N
 =
 3
1)
W
in
te
r (
N
 =
 4
8 
)
To
ta
l (
N
 =
 1
99
)
P
la
nt
 s
pe
ci
es
Fa
m
ily
N
S
%
S
N
S
%
S
N
S
%
S
N
S
%
S
N
S
%
S
%
FO
%
 D
S
S
ol
an
um
cf
. n
ig
ru
m
S
ol
an
ac
ea
e
21
6
40
.3
38
53
.5
3
1.
4
2
2.
4
25
9
28
.7
5.
0
-
A
tri
pl
ex
 s
em
ib
ac
ca
ta
C
he
no
po
di
ac
ea
e
97
18
.1
1
1.
4
27
12
.8
37
44
.0
16
2
18
.0
6.
5
-
R
ub
us
 u
lm
ifo
liu
s
R
os
ac
ea
e
1
0.
2
1
1.
4
13
5
64
.3
2
2.
4
13
9
15
.4
2.
5
2.
2
Ly
co
pe
rs
ic
on
 e
sc
ul
en
tu
m
S
ol
an
ac
ea
e
11
1
20
.7
8
11
.3
-
-
-
-
11
9
13
.2
3.
5
-
R
ub
ia
 fr
ut
ic
os
a
R
ub
ia
ce
ae
47
8.
8
-
-
-
-
1
1.
2
48
5.
3
3.
5
-
O
pu
nt
ia
 m
ax
im
a
C
ac
ta
ce
ae
-
-
8
11
.3
34
16
.2
-
-
42
4.
7
2.
5
4.
8
C
an
ar
in
a 
ca
na
rie
ns
is
C
am
pa
nu
la
ce
ae
13
2.
4
-
-
-
-
-
-
13
1.
5
0.
5
-
La
nt
an
a 
ca
m
ar
a
Ve
rb
en
ac
ea
e
-
-
-
-
-
-
13
15
.5
13
1.
5
1.
0
-
Ja
sm
in
um
 o
do
ra
tis
si
m
um
O
le
ac
ea
e
9
1.
7
-
-
-
-
-
-
9
1.
0
0.
5
-
Te
lin
e
sp
.
Fa
ba
ce
ae
6
1.
1
-
-
-
-
3
3.
6
9
1.
0
2.
0
-
C
he
no
po
di
um
sp
.
C
he
no
po
di
ac
ea
e
3
0.
6
1
1.
4
5
2.
4
-
-
9
1.
0
2.
0
-
Vi
tis
 v
in
ife
ra
Vi
ta
ce
ae
-
-
7
9.
9
1
0.
5
-
-
8
0.
9
2.
0
-
Av
en
a
sp
.
P
oa
ce
ae
2
0.
4
1
1.
4
-
-
-
-
3
0.
3
1.
0
-
M
al
va
 p
ar
vi
flo
ra
M
al
va
ce
ae
2
0.
4
-
-
-
-
-
-
2
0.
2
1.
0
-
A
ch
yr
an
th
es
 a
sp
er
a
A
m
ar
an
th
ac
ea
e
1
0.
2
-
-
-
-
-
-
1
0.
1
0.
5
-
U
ni
de
nt
ifi
ed
 s
ee
ds
-
28
5.
3
6
8.
4
5
2.
4
26
30
.9
65
7.
2
8.
7
21
.7
To
ta
l
53
6
71
21
0
84
90
1
38
.7
1.
1
Ta
bl
e 
3.
 S
ee
ds
 fo
un
d 
in
 G
re
y 
H
er
on
 p
el
le
ts
 o
ve
r 
a 
ye
ar
 (J
an
ua
ry
–D
ec
em
be
r 
20
04
) o
n 
Te
ne
ri
fe
 (C
an
ar
y 
Is
la
nd
s)
. N
 —
 n
um
be
r 
of
 p
el
le
ts
, N
S 
—
 n
um
be
r 
of
 s
ee
d,
 %
S 
—
 p
er
ce
nt
ag
e 
of
 s
ee
ds
,
%
FO
 —
 fr
eq
ue
nc
y 
of
 s
ee
d 
oc
cu
rr
en
ce
 in
 p
el
le
ts
, %
D
S 
—
 p
er
ce
nt
ag
e 
of
 s
ee
ds
 v
is
ua
lly
 d
am
ag
ed
. N
om
en
cl
at
ur
e 
of
 p
la
nt
 s
pe
ci
es
 fo
llo
w
s 
th
e 
ch
ec
k-
lis
t o
f I
zq
ui
er
do
 e
t a
l. 
(2
00
4)
.
impossibility to quantify mammals (only one indi-
vidual was assumed to be present in each pellet).
All these findings seem to indicate that differences
in Grey Heron diet (mainland vs. islands) are
based on distinct availability of potential prey
items in foraging areas.
In our study area, seasonal variation of diet
was high and all main prey items identified varied
significantly. The consumption of vertebrates
(reptiles and mammals) clearly decreases in sum-
mer, when lizards are more abundant and most
active. However, this pattern was observed in
mammalian prey in other studies performed dur-
ing the breeding season (Campos 1990). In con-
trast, peak consumption of Odonata larvae occurs
in summer. Dragonfly larvae are present through-
out the year in the Canaries, but their demograph-
ic explosion takes place in spring and summer
(Báez 1985), which would explain vertebrate prey
substitution by Odonata larvae. This change in
predatory behaviour is probably based on the
great availability of prey.
The highest value obtained from Levin’s niche
breadth in spring is a result of an increase of insect
abundance after autumn and winter rains. Due to
the high abundance of Odonata larvae (Báez
1985) and the fact that herons concentrate their
predation on certain prey components (Müller
1984), the niche breadth index decreases to a min-
imum during the dry season. Considering the
mild climate throughout the year in this archipel-
ago (Marzol 2000), and the low diversity of prey
on islands, the important trophic niche overlap
explains the high diet similarity recorded among
seasons.
Seed interaction
Six of 12 plant species identified in seed analy-
ses (Solanum cf. nigrum, Rubus ulmifolius, Rubia fru-
ticosa, Canarina canariensis, Jasminum odoratissium
and Malva parviflora) were native and the remain-
der corresponded to species introduced by man
(see Izquierdo et al. 2004). One species from the
former group (R. fruticosa) is endemic to the
Macaronesian Islands and another (C. canariensis)
is endemic to the Canarian Archipelago. However,
these species together constituted only 6.8% of the
total seeds indirectly ingested by the Grey Heron.
Furthermore, 57.7% of the total identified seeds
corresponded to native species, while a total of
42.3% were from introduced plants.
No germination and visual embryo analysis
indicate that the digestive treatments, particularly
the strong gut enzymatic effect on seeds in herons
(Hibbert-Ware 1940, Vinokurov 1960) produce a
clear negative effect on all plant species. Seeds
from the majority of these species, passed through
a lizard gut, presented a considerable germination
rate (Nogales et al. 2005, Authors’ unpublished
data). This effect on L. intricatum seeds, when the
secondary disperser shows a strong enzymatic
action, has been observed in other birds, such as
some diurnal raptors (Nogales et al. 2002).
However, when the second seed interaction is car-
ried out by non-specialised predatory birds (e.g.
the Southern Grey Shrike) the fate of the seeds 
is clearly different in terms of viability and germi-
nation (Nogales et al. 1998). Furthermore, another
negative ecological effect caused by herons, in 
the majority of seeds, is that they concentrate
great numbers of seeds in their roosting sites.
These places, mainly located on the margins of
reservoirs and coastal cliffs, are not suitable 
micro sites for seed germination and seedling
establishment.
Comparing seed number and frequency of
occurrence per plant species in Grey Heron 
pellets with those of other birds (e.g. kestrels and
shrikes), the incidence was found to be higher 
in the latter because their predation on lizards 
is more frequent (see Nogales et al. 1998, 2002) 
and thus the interaction with wild seeds is 
more probable. Lastly, with the increasing knowl-
edge of trophic interactions in subtropical 
islands, such as the Canarian Archipelago, it 
can be seen that the participation of predatory
birds (e.g. herons, diurnal and nocturnal raptors,
shrikes, etc.), as regular/opportunistic secondary
seed dispersers, is a more common phenomenon
than it has been thought to be. The intervention of
Grey Heron as an opportunistic secondary seed
disperser is a rather novel ecological interaction
for this species. However, considering the relative-
ly low number of seeds that occurred in pellets in
comparison with the millions of seeds annually
dispersed by abundant endemic lizards and
passerines, the role of herons does not seem to be
of great significance in the dynamics of Canarian
ecosystems.
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Number of 
Plant species Number of % germinated seeds % apparent 
seeds planted seeds extracted after viable seeds
germination
Solanum cf. nigrum 230 0 - -
Rubus ulmifolius 135 0 24 12.5
Atriplex semibaccata 130 0 14 0
Lycopersicon esculentum 95 0 19 0
Rubia fruticosa 47 0 21 0
Opuntia maxima 38 0 30 10
Gen. sp. indet. 19 0 - -
Canarina canariensis 13 0 - -
Lantana camara 13 0 13 0
Jasminum odoratissimum 9 0 8 0
Unidentified seeds 24 0 - -
Total 753 0 129 4.7
Table 4. Seed status and germination of the different species indirectly consumed by the Grey Heron on Tenerife (Canary Islands).
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